Bibliometric analysis of cancers related to polycystic ovarian 
syndrome: 1989-2024 


Eurasian Clinical and Analytical Medicine [Ogre NESeEIea 


Bibliometric analysis of PCOS and cancers 


Tugba Elgun', Halil Ibrahim Arslan?, Kaan Ziksahna? 
"Department of Medical Biology 
? Department of Basic Medical Sciences, Faculty of Medicine, Biruni University, Istanbul, Turkey 


Abstract 

Aim: This study aims to investigate the relationship between Polycystic Ovary Syndrome (PCOS) and cancer 
hrough bibliometric analysis of scientific publications published between 1989 and 2024. 

aterial and Methods: All scientific studies published between 1989 and 2023 were searched in the Scopus 
database using the keywords “polycystic ovary syndrome”, "PCOS" and "cancer". The analyses of the data were 
conducted utilizing Microsoft Excel 365. Within the scope of quantitative analysis, statistical methods such as 
requency distributions, percentages, and averages were used to analyse the data in detail. 

Results: A total of 8140 documents were published between 1989 and 2023. In 2023, the highest number of 
PCOS-related cancer documents (n=995) were published. The United States of America, China, Australia, and 
orthern European countries have made significant contributions to this research area. The researcher with 
he most publications is R.S. Legro from the United States of America, with 70 publications. The Chinese Ministry 
of Education stands out as the organization with the highest number of publications, totaling 202. The most 
common cancers associated with PCOS are endometrial (uterine) cancer, ovarian cancer, breast cancer, and 
pancreatic cancer. 
Discussion: The association of PCOS with various types of cancer may be explained by the hormonal and 
metabolic dysregulation of this syndrome. The long-term health implications of PCOS, particularly the associated 
cancer risk, represent a significant area that warrants further research. This study provides the groundwork for 
future research aimed at understanding the relationship between PCOS and cancer. 
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Introduction 
Polycystic Ovary Syndrome (PCOS) is a heterogeneous endocrine- 
metabolic dysfunction characterized by  oligo-ovulation and 


hyperandrogenism, affecting women's reproductive functions with a 
high prevalence (5-10%). Due to its effects on hormone levels, PCOS is 
also known as ovarian hyperandrogenemia syndrome. PCOS exhibits 
a variety of clinical symptoms that vary according to the patient's 
age. This disorder can present itself from the very early stages of 
sexual development to old age [1]. The diagnostic criteria for PCOS 
were defined by the National Institutes of Health (NIH) in 1990 and 
subsequently refined in 2003 by collaboration between the European 
Society of Human Reproduction and Embryology (ESHRE) and the 
American Society for Reproductive Medicine (ASRM) [2]. 

Typically, the primary reproductive organs in women include th 
ovaries, fallopian tubes, uterus, and vagina which contain a lifetim 
supply of ova. These ovums contain structures called follicles. A 
the ovums mature, the follicles begin to secrete estrogen, a fema 
sex hormone. Once the estrogen level surpasses the threshold 
concentration, the ovum is released under the influence of luteinizing 
hormone (LH). The released ovum then passes through the fallopian 
tube, where fertilization occurs, while the remaining immature follicles 
disintegrate and dissolve [3]. In PCOS, the hormonal imbalance within 
the menstrual cycle leads to increased secretion of LH by the pituitary 
gland. Consequently, mature follicles do not form, and ovulation 
does not occur. Some follicles do not dissolve and form fluid-filled 
sac-like structures known as cysts. This results in the characteristic 
appearance of PCOS with multiple follicular structures [4]. Additionally, 
a reduction in apoptosis is observed due to the androgenic effect [5, 6]. 
This suggests a close association between PCOS and cancer. 

The overall cancer risk encompasses a wide range of factors, 
including heredity, lifestyle, endocrine therapies, metabolic and 
dietary components, physical activity, toxic habits, and age. The risk of 
gynecological cancers in women diagnosed with PCOS is a multifaceted, 
and yet unresolved matter, shaped by the severity of the condition, 
treatment approaches, and lifestyle factors [7]. 
PCOS, the most common cause of chronic anovulatory infertility, has 
recently emerged as a public health issue due to its associated health 
risks, such as diabetes, dyslipidemia, cardiovascular disease, and 
cancer [8]. 
Bibliometric analysis is a technique employed to examine and interpret 
scientific data gathered from multiple studies. Bibliometric analyses 
are frequently used in studies to measure the performance of articles 
and journals, assess the competence of leading researchers in the field, 
identify emerging trends in research components, and understand the 
intellectual structure of a specific area in the existing literature [10]. In 
our study, we aimed to conduct a bibliometric analysis of the literature 
related to cancer associated with PCOS. 
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Material and Methods 

Data Source and Search Strategy 

The study seeks to explore the potential connection between PCOS and 
various cancer types by reviewing scientific publications worldwide. 
In this regard, a search was performed in the Scopus database for 
all scientific studies published between 1989 and 2023 that included 
the terms “polycystic ovary syndrome,” “PCOS," and “cancer” in their 
titles or abstracts. Since the complete data for 2024 is not available, 
the analyses were finalized using the data up to 2023, allowing for a 
more thorough review by assessing all the data avaliable for 2023. 
The full text query used in the Scopus database search is as follows: 
TLE-ABS-KEY ((polycystic AND ovary AND syndrome) OR (PCOS)) AND 
(cancer) AND PUBYEAR > 1988 AND PUBYEAR < 2024" [11]. 
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The data for the study was gathered by May 2024. The raw data 
obtained were transferred to Microsoft Excel and processed using 
Microsoft Excel 365 (Microsoft Corp., Washington, USA) for statistical 
analysis. For the quantitative analysis of the data, statistical methods 
such as frequency distributions, percentage values, and means were 
used. The data underwent both quantitative and qualitative methods, 
utilizing appropriate bibliometric indicators. The analyses assessed 
the distribution of publications by year, discipline, publication venue, 
country, author, institution, document type, and citation frequency. 
Ethical Approval 

Ethics committee approval is not required for bibliometric analysis. 


Results 

Distribution of Publications on The Relationship Between Polycystic 
Ovarian Syndrome and Cancer by Years 

The search results for the period from January 1, 1989, to January 1, 
2024, identified a total of 8140 records. These records were examined in 
detail, and the distribution of publication numbers by year was derived. 
The number of publications addressing the relationship between PCOS 
and cancer has significantly increased over the years. While there 
were only 10 publications in 1989, this number increased to 995 in 2023, 
indicating an approximately 100-fold increase (Figure 1-a} (R2= 0.9888). 
From the mid-2000s onwards, a more consistent upward trend in 
publication numbers has been observed. In particular, the number of 
documents reached 168 in 2008, showing a 23.53% increase. There were 
increases of 13.18% and 18.07% in 2012 and 2013, respectively. The rate of 
increase quickened from the mid-2010s, culminating in 339 documents 
by 2015. From 2016 to 2018, the number of documents continued to rise 
steadily, reaching 449, with an average annual growth of 10-15% during 
this time. 

From 2019 to 2021, a much more pronounced increase was observed. In 
2019, 562 documents were published, marking a 25.06% increase. This 
number rose to 634 in 2020, with a 12.82% increase. The most striking 
increase occurred in 2021, with a 30.70% rise, bringing the number 
of documents to 828. Finally, the increase in publication numbers 
continued in 2022 and 2023. In 2022, 960 documents were published, 
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b: Distribution by Types of Documents Published 


Figure 1. a: The Distribution of Publications on the Relationship Between 
PCOS and Cancer by Year; b: Distribution by Types of Documents 
Published 
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with a 15.94% increase. In 2023, the number reached 995, reflecting a 
3.65% increase. 

These data clearly demonstrate how interest in the relationship 
between PCOS and cancer has grown over time and how research 
activities in this area have intensified. In the past decade, there has 
been a significant rise in the number of studies focused on this topic, 
reflecting an increasing interest in exploring the potential connections 
between PCOS and cancer, both from a clinical and academic 
perspective. 

The Most Publicated Scientists on PCOS and Cancer 

Based on the studies on PCOS and cancer relationship between 1 


Table 1. Top 10 Authors Who Published the Most 


Author Documents 

Legro, RS. 70 0,85995 
Aziz, R. 51 0,62654 
Stener-Victorin, E. 42 0,51597 
Chen, ZJ. 40 0.4914 
Norman, RJ. 36 0,44226 
Qiao, J. 36 0.44226 
Franks, S. 35 0.42998 
Dewailly, D. 33 0,40541 
Fauser, B.C.J.M. 32 0,39312 
Vanky, E. 32 0,39312 


h-index*: Hirsch index 
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January 1989 - 1 January 2024 obtained from Scopus database, the 
number of documents published by the top 10 scientists with the higher 
number of publications were analyzed, including the proportion of 
these publications relative to the total, the total citations received, their 
h-index, and the countries with which these researchers are affiliated. 
Researchers from the US, China, Australia, the United Kingdom and the 
Netherlands, in particular, are noted for their significant contributions 
in this area. This indicates that investigation into the link between PCOS 
and cancer is gaining importance, with substantial efforts being made 
globally in this field. 

Legro, R. S., from the U.S. is the most widely published researcher 


h-index* (S) 


total number of citations (S) 


Country 


39,026 88 US 
35,323 86 US 
13,646 61 Sweden 
16,96 61 China 
42,232 102 Australia 
24,418 74 China 
33,56 88 UK 
20,753 65 France 
59,995 113 Netherlands 
5124 31 Norway 


Table 2. Top 10 Institutions with the Most Publications on the Relationship between PCOS and Cancer 


Affiliation Country 
Ministry of Education China China 
Tehran University of Medical Sciences Iran 


Harvard Medical School United States 


Shanghai Jiao Tong University China 
Shanghai Jiao Tong University School of Medicine China 
Shahid Beheshti University of Medical Sciences Iran 
Fudan University China 
Monash University Australia 
Penn State College of Medicine United States 
The University of Adelaide Australia 


Affiliation ID Documents 

60001604 202 2,481572482 
60027708 127 156019656 
60002746 103 1,265356265 
60025084 103 1,265356265 
60082819 101 1,240786241 
60018934 92 113022113 

60009860 89 1,093366093 
60019578 89 1,093366093 
60027671 85 1,044226044 
60009512 82 1007371007 


Table 3. Top 10 Journals with the highest number of documents on the relationship between PCOS and cancer 


Number of Documents 


Source 


Journal Of Clinical Endocrinology And Metabolism j92 
Fertility And Sterility 185 
Gynecological Endocrinology 178 
Frontiers In Endocrinology mM 
Human Reproduction 167 
International Journal Of Molecular Sciences 95 
Journal Of Ovarian Research 83 
Reproductive Sciences 83 
Reproductive Biology And Endocrinology 80 
Molecular And Cellular Endocrinology T2 


CiteScore 2023 SJR 2023 SNIP 2023 

236 Na 1,899 1,574 
227 13 1,858 2,05 
219 44 0,59 0.745 
2] 57 124 1122 
2,05 10,9 1,852 1784 
17 81 1179 12 
1,02 62 0,968 0,957 
102 59 0,836 0,85 
0,98 79 1208 1,306 
0,88 9 113 1,034 
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on PCOS and its cancer relationship with 70 documents. Legro's 
publications have a total of 39.026 citations and have 88 h-indexes. 
This illustrates Legro's significant contributions and wide influence 
in this field. Azziz, R., from the same country, is in second place with 
51 publications and has received 35.323 references. Azziz's 86 h-index 
ndicates that it also has a high level of influence in this area. The fact 
that these two researchers are from the U. S. suggests that research 
nto PCOS and cancer association is intensifying in the country (Table-1). 
Institutions with The Most Publications on The Relationship Between 
PCOS and Cancer 

Based on the searches conducted in the Scopus database, the 
universities where the research was conducted, the total number 
of documents, and the proportions of these numbers within the 
total records were determined. The institution that contributed the 
most to the research is the Chinese Ministry of Education, with 202 
documents, accounting for 248% of the total records. This highlights 
China's significant investment and active research activities on the 
relationship between PCOS and cancer. From Iran, Tehran University of 
Medical Sciences ranks second with 127 documents (1.56%), showcasing 
the institution's intense focus on medical research (Table-2). 

The Relationship Between PCOS and Cancer: Distribution by Document 
Type 

Studies exploring the connection between PCOS and cancer have been 
published in range of document types. Articles are the most frequently 
published document type in this research area, accounting for a total 
of 5098 publications. Following articles, review studies account for 
2282 publications. Book chapters, numbering 362, are also significant 
contributors to this field, while 136 conference papers provide 
important platforms for sharing and discussing research findings. 
Letters to the editor total 77, and short surveys are used for rapid data 
collection, with 52 instances. These findings show that research on the 
connection between PCOS and cancer is disseminated through a wide 
range of document types, supporting a comprehensive exploration of 
the topic (Figure 1-b). 

Relationship Between PCOS and Cancer by Scientific Fields 

Medicine dominates the studies, with 6192 publications representing 
50.60% of the total documents. Additionally, the fields of biochemistry, 
genetics, and molecular biology are notably represented, contributing 
3101 studies (2540%), together making up a significant portion of the 
overall documents. 

In the areas of pharmacology, toxicology, and pharmacy, there are 609 
studies (5%), followed by 275 studies in nursing (2.2%), and 291 studies 
in agricultural and biological sciences (24%). The fields of immunology 
and microbiology account for 240 studies (2%), chemistry for 226 
studies (1.8%, neuroscience for 155 studies (1.3%), computer science 
for 197 studies (1.6%), multidisciplinary fields for 148 studies (1.2%), and 
chemical engineering for 151 studies (1.2%). Other fields collectively 
contribute 645 studies (5.3%). These data suggests that study of the 
relationship between PCOS and cancer encompasses a broad spectrum 
of scientific disciplines. 

Top 10 Countries with The Most Published Documents on The 
Relationship Between PCOS and Cancer 

According to the data, the United States stands out as the leading 
country in this research area, with 1694 documents, accounting for 
20.81% of the total records. China follows closely with 1609 documents, 
representing 19.77% of the total records. The United Kingdom, India, 
Iran, Italy, Australia, Turkey, Canada, and Germany follow with 660, 547, 
513, 482, 302, 291, 264, and 257 documents, respectively. These countries 
contribute 811%, 6.72%, 6.30%, 5.92%, 3.71%, 3.57%, 3.24%, and 3.16% to the 
total records, respectively. These data indicate that the relationship 
between PCOS and cancer has garnered significant global interest, 
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with particularly intense scrutiny from researchers in the United States 
and China. 

Top 10 Journals Publishing Documents on The Relationship Between 
PCOS and Cancer 

Asearch in the Scopus database from January 1, 1989, to January 1, 2024, 
identified a total of 8140 records related the connection between PCOS 
and cancer. Analyzing the journals where these studies were published, 
the top 10 journals and various metrics were evaluated. According 
to this data, the "Journal of Clinical Endocrinology and Metabolism’ 
ranks first with 192 publications, accounting for 2.36% of all records. 
It is followed by “Fertility and Sterility’ with 185 documents (2.27%) and 
"Gynecological Endocrinology’ with 178 documents (219%) {Table-3). 
These data indicate that research on the relationship between PCOS 
and cancer is concentrated in certain prominent journals. 


Discussion 

In this study, the relationship between PCOS and cancer was 
investigated through bibliometric analysis of scientific publications 
published between 1989-2024. 

Research indicates that PCOS is associated with various cancers, 
most notably endometrial (uterine) cancer, as well as ovarian cancer, 
breast cancer, and pancreatic cancer. Endometrial cancer is the 
most prevalent reproductive malignancy among women, with more 
than 40,000 cases diagnosed every year in the United States. About 
90% of endometrial cancers are estrogen-dependent and exhibit Type 
| endometrioid patterns, whereas roughly 10% are classified as Type 
Il carcinosarcomas. The link between endometrial cancer and PCOS 
has received considerable attention in recent years. Research on 
PCOS often addresses various risk factors, including obesity, diabetes, 
hypertension, anovulation, nulliparity, and family history [12]. 

Women with PCOS have an approximately 2.7-fold increased risk of 
developing endometrial cancer, most of which have a good prognosis. 
The association between PCOS and endometrial cancer is explained 
by prolonged estrogen exposure due to anovulation, progesterone 
deficiency, and various genetic abnormalities that control cell 
proliferation. Both PCOS and ovarian cancer are characterized by 
higher AMH levels and a greater number of antral follicles. Endometrial 
hyperplasia poses an oncological risk for patients with PCOS, and 
women with this condition show an increase in LH hormone receptors 
[13]. 

The PI3K/Akt/mTOR signaling pathway is involved in the pathogenesis 
of both PCOS and ovarian cancer, playing a crucial role. mTOR, a serine/ 
threonine kinase, is key to regulating cell growth, proliferation, and 
differentiation. The mTOR-mediated signaling system is implicated in 
the progression of diseases such as type 2 diabetes and cancer. The 
PI3K/AKT/mTOR signaling pathway functions via phosphorylation, with 
Akt working directly or indirectly on mTOR. Growth factors such as VEGF 
and insulin activate cell surface RTKs, which in turn activate Akt. It is 
now known that the PI3K/AKT signaling pathway is overactive in the 
endometrium of women with PCOS [14]. 

In PCOS patients exhibiting insulin resistance, elevated levels of 
androgens, LH, and circulating free testosterone are frequently 
observed. Increased glucose intake results in hyperinsulinemia, leading 
to elevated insulin levels. Along with IGF1, this acts on theca cells to 
release and enhance androgen activity. This can lead to a defect in the 
glucose metabolism pathway in the endometrium, and the produced 
IGF1 may cause the proliferation of cancerous cells [15]. 

In obese individuals with insulin resistance, calreticulin levels are high. 
Calreticulin is also observed to be overexpressed in ovarian cancer. 
In women with PCOS, elevated levels of the calreticulin precursor 
have been identified in granulosa cells. There might be a potential link 
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between calreticulin and PCOS [16]. 

Although the literature clearly demonstrating a relationship between 
PCOS and breast cancer is limited, the prevalence of obesity and 
its adverse effects on metabolic function suggest the necessity of 
considering the risk of cancer in ovarian and breast cancers [17]. 
There is no consensus on the standard approach for diagnosing 
endometrial cancer in women, either through ultrasound or 
endometrial biopsy. The 3rd PCOS Consensus Workshop Group 
discussed the necessity of evaluating pathology based on factors such 
as the length of amenorrhea, endometrial thickness and appearance, 
abnormal uterine bleeding, and the presence of PCOS [18]. 

Metformin, commonly prescribed for type 2 diabetes, has been reported 
to assist in regulating menstrual cycles and promoting ovulation 
n women with PCOS. There is evidence suggesting that metformin 
treatment may have a protective effect against both endometrial and 
breast cancer. Letrozole, an aromatase inhibitor used in anovulatory 
infertility in PCOS, has been suggested to reduce the risk of hormone- 
dependent breast cancer in postmenopausal women diagnosed with 
breast cancer [19]. 

Finally, there is insufficient data to evaluate any relationship between 
PCOS and vaginal, vulvar, cervical cancer, or uterine leiomyosarcoma. 
Further comprehensive studies are needed to elucidate the relationship 
between cancer and PCOS [20]. 
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